Introduction
Ovarian carcinoma remains as the leading cause of death among gynecologic malignancies in the Western World [8] . Among ovarian carcinomas, tumors hypothesized to arise from the surface epithelium of the ovary are the most common, consisting of 80-90% of cases [18] . Due to a lack of specific symptoms, the majority of ovarian carcinomas usually presents at an advanced stage and thus, lead to poor survival [13] . To date, the molecular mechanisms of ovarian carcinoma are poorly understood. The prognosis of a patient is largely dependent on morphologic criteria. No tissue specific markers have been identified to determine the genetic etiology of ovarian cancer.
A primary objective of ovarian carcinogenesis studies has been to characterize biomarkers useful for prognosis of ovarian cancer. These biomarkers include oncogenes and tumor suppressor genes. The tumor suppressor gene, p53, is commonly mutated in cancer. Overexpression of p53 has been observed in 50% of lung, colon, and ovarian cancers [19] . Mutations in p53 have been described as a late genetic change in ovarian carcinogenesis [16, 17] . The p185 erbB-2 (HER-2/neu) proto-oncogene encodes a 185-kDa transmem-brane protein that has sequence homology with epidermal growth factor receptor may also play an important role in ovarian carcinogenesis [20] . The oncogene product of p185 erbB-2 is expressed by most ovarian cancers and overexpressed in approximately 15-30% of these cancers [7] . Overexpression of p185erbB-2 at the cellular membrane has been associated with poor survival [2, 20, 24] .
Studies have reported overexpression of p185erbB-2 together with p53 nuclear accumulation in ovarian carcinomas [4, 7, 12, 26] . Some of these studies have observed a difference between benign and malignant ovarian tumors such that no or low expression of p53 and p185 erbB-2 are observed in benign lesions compared with nuclear accumulation of p53 and overexpression of erbB-2 in malignant lesions of the ovary [1, 11, 12, 26] . However, a limited number of studies have been published focusing on the relationship between p53 and p185 erbB-2 in individual tumors [2, 3, 5, 6, 25] . Thus, we are interested in determining if any differences in expression of p53 and p185 erbB-2 are observed between primary and metastatic lesions of the ovary. Understanding the molecular changes occurring during ovarian carcinogenesis would aid in the development of targeted interventions that may inhibit or target metastasis. In this analysis, primary and metastatic cases, including matched cases of primary and metastatic lesions were evaluated for nuclear accumulation of p53 and cytoplasmic and membranous immunostaining of p185 erbB-2 in patients with advanced chemotherapy resistant ovarian carcinoma.
Materials and methods
Paraffin-embedded tissues of patients who underwent surgery for ovarian epithelial neoplasia were collected from hospitals throughout the Southeastern United States during 1993-1999 as part of therapeutic trials at the University of Alabama at Birmingham. Thus, our study included only patients with advanced ovarian carcinoma who ultimately developed peritoneal metastasis and failed conventional chemotherapy. All patients were treated with surgical debulking and platinum based chemotherapy from 1993 to 1999. A total of 54 primary and 40 metastatic cases, including 30 matched primary and metastatic cases, were collected.
Immunohistochemistry
Paraffin-embedded tissues were sectioned at 5 µm and attached to SuperFrost/Plus slides (Fisher Scientific, Norcross, GA) by heating at 58
• C for one hour. Immunohistochemistry was performed as previously described [9, 10, 15] . Tissue sections were deparaffinized in xylene (three changes, 5 minutes each) and subsequently rehydrated in sequential ethanols for 5 minutes with one change each of absolute,95% ethanol, and 70% ethanol. The sections were then transferred to a Tris-buffer bath (0.05M Tris base, 0.15 NaCl, 0.0002% Triton X-100, pH 7.6).
Each section was treated with an aqueous solution of 3% H 2 O 2 for 5 minutes in order to quench endogenous peroxidase activity. Each section was then incubated with 1% goat serum at room temperature for 20 minutes in order to reduce non-specific immunostaining. A monoclonal antibody specific for p53 (clone BP53 12.1, Biogenex, San Ramon, CA) and a monoclonal antibody specific for p185 erbB-2 (clone, 3B5, Oncogene Science, Cambridge, MA) were used at dilutions/concentrations of 1:400 and 0.25 ug/ml, respectively. Primary antibodies were incubated for 1 hr at room temperature. Negative controls remained in goat serum (1%) at room temperature for 1 hr.
Primary antibodies were detected using a multispecies detection system from Biogenex (San Ramon, CA) or subsequently Signet Laboratories, Inc. (Dedham, MA). The sections were exposed to an antimouse and anti-rabbit antibody for 20 minutes and a peroxidase-labeled streptavidin was added for 20 minutes. A diaminobenzidine tetrachloride (DAB) super sensitive substrate kit (Biogenex, San Ramon, CA) was used to visualize the antibody-antigen complex. Then each section was counterstained using hematoxylin, dehydrated using graded alcohols, and soaked in xylene prior to attaching coverslips with permount.
The slides were examined by at least two investigators (CR-B, DCC, and WEG), each of whom estimated the intensity and extent of immunostaining. For p53 and p185 erbB-2, tumor cells were classified with respect to percentage of cells stained at each intensity from 0 (no staining) to 4 (highest intensity staining) [9] . If the staining intensity was no greater than the negative controls, then a score of zero was assigned for a specimen. A cytoplasmic and membrane immunostaining score was determined for p185 erbB-2 whereas a nuclear immunostaining score was determined for p53. The percentage of nuclei stained positive for p53 was also evaluated and a percentage of 10% or greater was considered positive p53 staining.
Statistical analysis
Statistical analyses were conducted on the matched cases. The Wilcoxon Signed-Rank test was used to test if there was a difference between p53 immunostaining scores in the primary lesions versus the metastatic lesions in the matched cases (n = 30). Similarly, the Wilcoxon Signed-Rank test was used to test if there was a difference between p185 erbB-2 (membrane and cytoplasm) primary immunostaining scores and p185 erbB-2 (membrane and cytoplasm) metastatic immunostaining scores in the matched cases (n = 26). A Spearman correlation was utilized to determine if any associations between p53 and p185 erbB-2 (cytoplasm or membrane) immunostaining scores in the matched cases were observed. The association of p185 erbB-2 (cytoplasm or membrane) and p53 positivity (with positivity defined as > 10%) between primary and metastatic lesions in the matched cases was determined using the Wilcoxon Two-Sample test. The McNemar test was used to test if a change in the percentage of p53 nuclear accumulation was significantly different between primary and metastatic lesions in the matched cases.
Statistical analyses were also conducted with all primary lesions. The primary lesions (n = 54) included primary lesions with matched metastatic lesions as well as primary lesions without matched metastatic lesions. A Spearman correlation was used to determine if any associations between p53 and p185 erbB-2 (cytoplasm or membrane) immunostaining scores were observed in all primary lesions. The Wilcoxon Two-Sample test was used to determine any associations between p53 positivity and erbB-2 (cytoplasm or membrane) immunostaining scores in all of the primary lesions. The same statistical analyses that were conducted on the primary lesions were performed with the immunohistochemistry scores for the metastatic lesions. The total number of metastatic lesions (n = 40) included metastatic lesions with matched primary lesions as well as metastatic lesions without matched primary lesions.
Descriptive statistics were determined for age, race, parity, menopausal status, hormone replacement therapy, stage, histological classification of tumors, and radiation treatment using SAS statistical software [23] . Kaplan-Meier survival curves were estimated for all patients overall as well as stratified by grade, stage, hormone replacement therapy treatment, and menopausal status. A percentage of nuclear accumulation of p53 of 10% or greater was considered positive. Immunohistochemistry scores of p185 erbB-2 for the membrane and the cytoplasm that were above the median were considered positive. Survival curves between p53 positive vs. p53 negative patients and between p185 erbB-2 positive vs. p185 erbB-2 negative patients were also estimated for all matched, primary and metastatic lesions. The log-rank test was used to determine if there were statistically significant differences in survival curves between the clinical variables and levels of the two molecular markers. Table 1 includes the descriptive statistics for grade, stage, and histologic subtype of ovarian carcinoma lesions included in this study. Overall, the majority of the patients had high grade (grade 3) and stage III ovarian carcinomas. The largest proportion of the ovarian carcinomas was of the serous histologic subtype. The average age of each patient was 57.4 and the average parity was 2.5. Sixty-six patients were Caucasian and 2 patients were black. Forty-three patients were of post-menopausal status, whereas 13 patients were of pre-menopausal status. Thirty-seven patients were not on hormone replacement therapy and 19 patients were receiving hormone replacement therapy.
Results
A total of 54 primary and 40 metastatic lesions, including 30 primary and matched metastatic lesions were identified. Each lesion was evaluated for nuclear accumulation of p53 and cytoplasmic and membranous immunostaining of p185 erbB-2 ( Fig. 1) . For p53 evaluations, immunostaining scores as well as percentage positivity was determined. Only immunostaining scores were determined for p185 erbB-2.
For the matched cases, no significant differences in immunohistochemistry scores of p53 (p = 0.6018), p185 erbB-2 immunostaining in the cytoplasm (p = 0.6210), and p185 erbB-2 immunostaining in the membrane (p = 0.7910) were observed between primary and metastatic lesions. The mean differences and standard error means of the immunohistochemistry scores between primary and metastatic lesions of the matched cases for p185 erbB-2 membrane and p185 erbB-2 cytoplasm were −0.07 ± 0.11, and 0.03 ± 0.12, respectively (Fig. 2) . No difference was also observed with the proportion of positive cases of p53 between primary and metastatic lesions of the matched cases (p = 0.1797) ( Table 2 ). Spearman correlations between p53 and p185 erbB-2 (cytoplasm and membrane) immunohistochemistry scores were insignificant for the matched cases, all primary lesions, and all metastatic lesions. Similarly, no significant associations occurred between p53 positivity (positive versus negative) and erbB-2 (cytoplasm and membrane) immunohistochemistry scores for the matched cases, all primary lesions, and all metastatic lesions.
Primary lesions (n = 45) were evaluated for presence of adjacent uninvolved tissue. A total of 24 cases contained normal appearing uninvolved tissue. Nuclear accumulation of p53 as well as cytoplasmic and membranous immunostaining of p185 erbB-2 was evaluated. The average p53 immunohistochemistry score (n = 21) was 0.0. The average immunohistochemistry score for cytoplasmic and membranous expression of p185 erbB-2 was 0.71 (n = 19) and 0.095 (n = 19), respectively.
Survival estimates indicated that the median survival time was 36 months. Interestingly, there was no significant difference in survival time based on grade (p = 0.816), stage (p = 0.5181), menopausal status (p = 0.5433), and hormone replacement therapy treatment (p = 0.4566). Survival estimates based on the nuclear accumulation of p53 and the cytoplasmic and membranous staining of p185 erbB-2 were also analyzed. Based on p53 positivity (positive versus negative), no significant differences were observed in survival time for primary lesions of matched cases (p = 0.2772), metastatic lesions of matched cases (p = 0.3460), all primary lesions (p = 0.7323), and all metastatic lesions (p = 0.6012). For survival estimates of p185 erbB-2, immunohistochemistry scores of immunostaining in the membrane and of immunostaining in the cytoplasm that were above the median were considered positive. Based on the immunostaining of p185 erbB-2 in the membrane, no significant differences were observed with survival time for primary lesions of matched cases (p = 0.7661), metastatic lesions of matched cases (p = 0.7117), all primary lesions (p = 0.4631), and all metastatic lesions (p = 0.5023). Similarly, no significant differences were found with immunostaining scores of erbB-2 in the cytoplasm and survival time for primary lesions of matched cases (p = 0.8589), metastatic lesions of matched cases 
Discussion
The changes in expression of p185 erbB-2 and the nuclear accumulation of p53 have been studied in the progression of ovarian neoplasia. Several studies have determined differences between benign, borderline, and malignant lesions of the ovary with respect to nuclear accumulation of p53 and the phenotypic expression of p185 erbB-2. Anreder et al. [1] observed significantly elevated nuclear accumulation of p53 (p = 0.001) and expression of p185 erbB-2 (p = 0.001) in ovarian carcinomas compared to borderline tumors. Harlozinska et al. [12] reported no evidence of p53 and p185 erbB-2 expression in benign neoplasms of the ovary, 30% p53 and 35% p185 erbB-2 expression in borderline ovarian tumors, and 50% p53 and 48.5% p185 erbB-2 expression in ovarian carcinomas. Similarly, Harlozinska and Bar [11] observed no nuclear accumulation of p53 and expression of p185 erbB-2 in benign ovarian tumors and detected carcinomas, respectively. Mabrouk et al. [14] also observed an overexpression of p185 erbB-2 and mutant p53 proteins in malignant cases when compared with benign cases. Overexpression of p185 erbB-2 at the cellular membrane has been associated with poor survival in ovarian carcinogenesis [2, 21, 24] . Similarly, lack of nuclear accumulation of p53 or mutations in p53 have been associated with significantly greater disease-free survival than a high expression of p53 [22] .
Most of the studies reporting differences between the expression of p53 and p185 erbB-2 between benign and malignant lesions of the ovary, however, are not comparisons within the same tumor. Our findings of no differences in expression of p53 and p185 erbB-2 between primary and metachronous metastatic lesions in patients with advanced chemotherapy resistant ovarian carcinoma confirm the findings of a limited number of studies available for p53 and p185 erbB-2 comparisons within individual tumors. Daidone et al. [5] reported no differences in the nuclear accumulation of p53 between primary and synchronous metastatic sites in 61 women with ovarian carcinomas. Goff et al. [6] observed no significant changes in the nuclear accumulation of p53 and expression of p185 erbB-2 between primary and metachronous metastatic lesions in 23 women with advanced ovarian cancer. A larger study by Tewari et al. [25] also found no significant differences between the nuclear accumulation of p53 and expression of p185 erbB-2 in matched cases. Few of these studies reporting the expression of p185 erbB-2 between primary and metastatic lesions in individual ovarian tumors have reported immunostaining of p185 erbB-2 by cellular localization. To date, the cellular localization of p185 erbB-2 is not fully understood. Nevertheless, we observed immunostaining in the cytoplasm and in the membrane of tumor cells and did not find any significant differences between primary and metastatic lesions based on the cellular localization of p185 erbB-2.
Our study demonstrates that there are no differences in the nuclear accumulation of p53 and the phenotypic expression of p185 erbB-2 between primary and metastatic lesions (in patients with advanced chemotherapy resistant ovarian carcinoma) for the purposes of selecting tumors for novel therapies which target p53 and p185 erbB-2. Thus, when determining appropriate targets, a sample of a primary lesion may be just as useful as a sample of a metastastic lesion. However, future studies are necessary in determining if any changes in p53 and p185 erbB-2 are observed between early and late stage ovarian carcinomas.
